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(54) (Title of the Invention] Transferring and Manufacturing Method of Thin Film
Device

(57) [Abstract]

[Problem to be Solved] In a transferring and manufacturing method of a thin film device
utilizing a conventional double transfer technique, in order to solve the aforementioned
‘problem, a transfer and separate technique of a tl;in film device is provided which can
easily peel off or separate a transferred layer from an original substrate when carrying
out a first transfer.

[Solution] A transferring method 6f a thin film device, which transfers a transferred layer
formed over an original substrate to a first transfer substrate and further transfers the
transferred layer to a second transfer layer. The first transfer substrate is selected to be
harder than the second transfer substrate. |

[Scope of Claim] |

[Claim 1] A transferring method of a thin film device, comprising:
_transferring a transferred layer formed over an original substratc to a first transfer
-substrate; and

transferring the transferied layer to a.sccond transfer substrate,

wherein the first transfer substrate is ‘selected to be harder than the second transfer
substratp.

[Claim 2] The method according to claim 1,

wherein the transferred layer is a thin film semiconductor device formed over the
original substrate.

[Claim 3] A transferring method comprising:

transferring a transferred layer formed over the original substrate to a first transfer

2/37



S/ o0
LA English “translation of JP2001-189460

substrate; and

transferring the {tanst:crréd layer to a second transfer substrate,

wherein the first transfer substrate itself is etched when transferring the transferred layer
from the first transfer substrate.to the second transfer substrate.

. [Claim 4]4The method according to claim 3,

wherein the transferred layer is a thin film state semiconductor device formed over the
original substrate; and

wherein the first transfer substrate is more specifically dissolved in a specific solvent
than the second transfer substrate.

[Claim 5] The transferring method according to claim 1 or 2,

wherein this first transfer substrate itself is etched w.hen transferring the transferred
layer from the first transfer substrate to the second _t(ansfer substrate.

[Claim 6] The method according to claim 5,

wherein the transferred layer is a thin film state semiconductor device formed over the
original substrate; and

wherein the first t;-a:isfcr substrate is more specifically dissolved in a spcciﬁc solvent
than the second transfer substrate. -

[Claim 7] A manufacturihg method of a thin film device, comprising:

~ a first step of forming a first separate layer over an oﬁginal substrate;

a second step of forming a transferred layer including a thin film device formed of a
plurality of thin films over the first separate layer;

a third step of forming a second separate layer over the transferred layer;

a fourth step of bqnding a first transfer substrate onto the second separate layer;

a fifth step of peeling off the transferred layer from the original substrate at the first
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separate layer as a boundary;

a sixth step of bonding a second transfer substrate on the bottom side the transferred
layer; and

a seventh step of peeling off the transferred layer and the first transfer substrate and
transferring the traqsfcrred layer to the second transfer substrate,

wherein the first transfer substrate is s;:lcctc';d to be harder than the second transfcr_
substrate.

[Claim 8] A manufacturing method of a thin film device, comprising:

a first step of forming a first separate layer over an original substrate;

a second step of forming a transferred layer including a thin film device formed of a
plurality of thin films over thc;, first separate layer;

a third stg:p of bonding a first transfer substrate onto the trqnsfcrrcd layer;

a fourth step of peeling thé transferred layer off the oﬁginal substrate;

a fifth step of bonding a second @sfcr substrate on the bottom side of the transferred
- layer; and

a sixth step of peeling the transferred layer off this first transfer substrate while
dissolving the first transfer substrate in a specific solvent to be removed and @nsfcmg .
the transferred layer to the second fransfer substrate.

[Claim 9] A manufacturing method of a thin film device, comprising:

a first step of forming a ﬁmt separate layer over an original substrate;

a second step of forming a transferred layer including a thin film device formed of a
plurality of thin films over the first separate layer; |

a third step of .Bonding a first transfer substrate onto the transferred layer;

a fourth step of peeling the original substrate off the transferred layer at the first
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separate layer as a boundary;

a fifth step of bonding a >scc§nd transfer substrate on the bottom side of the transferred
layer; and

a sixth step of peeling the transferred layer off the first transfer substrate while
dissolving the first transfer substrate in a specific solvent to be removed and transferring
the transferred layer to the second transfer substrate,

wherein the first transfer substrate is selected to be harder than the second transfer
substrate.

{Claim 10] The method according to any onc of claim 4, 5, 8, or 9,

| whcri;in a substrate with high solubility to a specific organic solvent is used as the first
transfer substrate and a substrate with low solubilit.y to this orgar:nic sélvent is used as
the second transfer substrate.

[Claim 11] The method according to any one of claims 7 to 9,

" wherein at least one layer of a thin film among the plurality of thin films which form the
thin film device and the first and second separate laycr-s is formed by using a liquid
éhasc process in which liquid including a component of the thin film is solidified after
application.

[Claim 12] A thin film device formed over the second transfer substrate by the method
accerding to any onc of the aforementioned ciaims. |
[Claim 13] A thin film integrated circuit device characterized by having a structure
including the thin film device according to claim 12.

[Claim 14} The device accorciing to claim 13,

wherein the thin film device is an active matrix substrate including a pixel portion

constituted to include a thin film transistor (TFT) arranged in matrix and a pixel
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electrode conm;,ctcd to one end of the thin film transistqr.

[Claim 15] A liquid crystal display device characterized by including the active matrix
su‘bstratc according to claim 14.

{Claim 16} An electronic device including the device according to claim 13.

[Detailed Description of the Invention]

[0001]

{Technical Field to which thé Invention Pertains] The invention relates to a transfer
technique in which a thin film device (thin film semiconductor circuit) formed over a
substrate is transferred to a transfer substrate.

[Related Art] For example, when manufacturing a liquid crystal display using a thin
film transistor (TFT), a step of forming a thin film transistor over a substrate by CVD or
the like is carried out.‘ The step of forming the thin film transistor over the substrate
requires a high temperature process; thé;cfore, the substrate is required to be formed of
a material with superior heat resistance, thét is, with a ﬁigh softening point and melting
point. Thc-rcforc, currently, quartz glass is used as a substrate which resists a
temperature of about 1000°C and heat resistant glass is used as a substrate which resists .
a temperature of about 500°C.

[0002] As described above, a substrate which inoorpo@es a thin fillﬁ device has to
satisfy a condition to manufacture the thin film devices. That is to say, a substrate to
‘be used is determined so as to necessarily satisfy a manufacturing condition of a device
to be incorporated.

[0003] However, the aforcmcntiont‘;d “substrate” is not nccessarily favorable when
focusing only a stage after completing a substrate incorporating a thin film acvicc such

asa TFT.
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[0004] For example, when carrying out a m?mufacturing process requiring a high
temperature process as descn'bt-ad above, a quartz. substrate, a heat resistant glass
substrate, or the like Ais used. However, these are very expensive and thus increase
product prices.

[0005] In addition, a glass substrate is heavy and easily broken. In a liquid crystal
display used in a portable electronic device such as a palm top computer and a portable _
phone, it is preferable to be as cheap as possible, light, resists some deformation, and is.
not easily broken when dropped.  However, actually a glass substrate is usually heavy,
sensitive to dcférmation, and maj be broken when dropped.

' [0006] That is to say, there is a gap between regulations of manufacturing conditions
and favorable characteristics required for the product, which made it quite difficult to
satisfy these both conditions and characteristics.

[0007] In view of this, the applicant suggests a technique to form é transferred lay.cr
including a thin film device over a substrate by a conveational process, and then
‘separate this transferred layer includir;g the thin film device from the substrate and
transfer it to a transfer body (Japanese Patent Application No. H8-225643).

{0008] In order 'to do this, a separate layer is formed between the substrate and the thin
film device as the transferred layer. When this sep&atc layer is irradiated with light,
thé separate layer is peeled off in and/or at an interface to weaken the bonding force
between the substrate andAthc transferred layer, thcréby the transferred layer can be
sepafated from the substrate. As a result, the transferred layer is transferred to the.
transfer body. When a manufacturing process requiring a high temperature process is
required to form the thin film device, a quartz substrate, a hc#t resistant glass substrate,

or the like is used. However, as the transfer body is not exposed to such high

137



- 2O
{% ) | . English f_ﬁlaﬁon of JP2001-189460

tempcréturc process, it is advantageous in that rcgﬁlations required as the transfer body
are considerably eased.

[0009] In the transfer technique described here, a stacked-layer relation for a first
substrate (original substrate) used when manufacturing the transferred layer and a_

stacked-layer relation for the first transfer substrate (primary transfer body) to which the

transferred layer is transferred become opposite to each other.

[0010] In view of this, the transferred layer transferred to the first 'tx;emsfcr substrate is
transferred again to a second transfer substrate (secondary transfer body) to make the
stackéd—laycr relation of the transferred layer back to original. Further, when carrying
out a transfer only oace, it is difficult to trz;nsfcr the transferred layer over the quartz
substrate directly to a film (primary transfer body), while the trax:sferted layer can be
favorably trahsfcrrcd to the film type secondary transfer body by utilizing a secondary
transfer through a primary transfer.

[0011]

(Problems to be Solved by the Invention] There is a following problem in a
conventional technique in which double transfer is carried out. First, when a first
transfer is éarﬁcd out, there is a point to improve in peeling off or separating the
transferred layer from the original substrate. Morcover, in the conventional double
transfer technique, the transferred layer and the first transfer substrate are bonded
through a water-soluble adhesive. By exposing the water-soluble adhesive in a
water-base solvent, this adhesive and separate layer is etched so that the transferred
layer is peeled off the primary transfer body in a portion of this water-soluble adhesive
to be transferred to the secondary transfer body. However, there is a problem in that

this peeling off is not sufficiently carried out or takes time.
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[0012] In view of this, a purpos;a of the present invention is, in a transferring and
manufacturing method of a thin film device utilizing the conventional double transfer
technique, to providc a transfer and separate technique of a thin film device, in which a
transferred layer can be c'asily peeled off or separated from an original substrate in the |
case of carrying out a first transfer in order to solve the aforementioned pt;oblcms.
{0013] Further, another purpose of the invention is to provide a transfer and separate
technique of a thin film device, in which a transferred layer can be easily pecled off a
first transfer substrate in a double transfer techaique..

[0014]

[Means for Solvihg the Problem] In order to achieve the aforementioned purpose, the
invention is characterized in that a first transfer substrate having a harder material and
modc than a SﬁCO;ld transfer substrate is selected. In peeling off or separating a
transferred layer from an original substrate, the transferred layer can be easily peeled off
when the first transfer substrate is formed of a hard inatcrial or mode.

{0015] In addition, in ordcr to acﬁcvc another purpose, in the invention, the first
. transfer substrate is selected among those which specifically dissolve in a specific
solvent so that etching by the specific solvent sufﬁciéntly progresses in a peel and
separate layer to peel the transferred layer surély off the first transfer substrate.

[0016] The invention is a transferring method of a thin film device (thin film
semiconductor circuit) or a manufacturing method of a thin film device,'utilizing these
transfer and peel off t-ccl.miquc, and further a thin film device, a semiconductor device
having this thin film device, an active matrix substrate Having a thin film device
provided with TFTs érranged in arrays, or a liquid crystal device provided with this

substrate.
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quartz glass, heat resistant glass such as Corning 7059 or Nippon Electric Glass Co., Ltd.
OA-2. |

-{0021] Moreover, a thickness of the substrate 100 is not particularly limited. However,
it is normally preferable to be about 0.1 to 5.0 mm, and more preferably 0.5 to 1.5 mm.
When the substrz;tc 100 is too thin, the strength thereof is decreased, while when it is
too thick, light decay is easily generated when the transmittance of the substrate 100 is
low. It is to be noted that when the light transmittance of the substrate 100 is high, its
thickness may c);occd the aforementioned upper limit. Note that the thickness of the
substrate 100 is preferably uniform so that it can be uniformly irradiated with light.
[0022] When the first separate layer 120 receives one or a pluraiity of a physical effect
(light, heat, or the like), a chemical effect (a chemical rcactioﬁ with a Chcmicai or the
likc),- or a mechanical cffect (tension force or vibrafiop), the bonding force thereof is
decreased or eliﬁxinatcd., thereby the substrate 100 is encouraged through this first

" separate layer 120 to be pccled off.
[0023] As this first separate layer 120, for cxample, a material having a property to
absorb irradiated light and cause peeling (ht':rcinaftcr referred to as “in-layer peeling” or
“interface peeling”) in the layer and/or at an interface is used. It is more preferable to
use a material in which bonding force between atoms or molecules of a substance which
forms the first separate layer 120 disappears or decreases, that is, ablation is generated
to cause in-layer pecling and/or interface peeling. |
{0024] Furthermore, gas may be emitted from the first separate layer 120 by light
irradiation, which may generate a separation éffecL That is to say, there are a case
where a oomp;)ncnt included in the first separate layer 120 is emitted as gas and a case

where the first separate layer 120 absorbs light and becomes gas for a moment, of which
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[0017]
[Embodiment Modeé of the Invention] Next, embodiment modes of the invention are
described with reference to the drawings. | FIGS. 1 to 9 are diagrams for describing a
first embodimeat mode (a transfern;ng method of a thin film device) of the invention.
Embodiment Mode 1 relates to a method for transfermring a transferred layer formed of a
thin film device layer to a transfer Body by double transfer. In addition, in d@sition.
methods of each layer, a liquid phase process will be described later separately by the
kinds of the films. |
{0018] As shown in FIG 1, a first separate layer (light absorbing layer) 120 is formed
' o§cr a substrate 100. Hereinafter descxibed are the substrate 100 and the first separate
layer 120. ﬁc substrate 100 preferably has a light transmitting property, thrdilgh
which light can transmit. In this case, it is preferable that the light transmittance be
10% or higher, and more preférably SO% or higher. When this transmittance is too low,
light decay (loss) increases and thus more light is required to peel off the first separate
layer 120.
[0019] Fgrthcr, the _substr%tc 100 is prcférably fonch of a highly reliable material. In
the case where all films forming a transferred 4laycr 140 formed over this substrate 100
are implemented by a liquid phase pracess, heat resistance is not required either.
{0020] However, it is preferable that the substrate 100 be formed of a material with a
distortion point of Tmax or higher when a highest temperature when forming the
_transferred layer 140 is Tﬁlax. In the case of forming a part of a film of the transferred
layer 140 by a relatively high temperature process other than a liquid layer process, the

substrate 100 is preferably formed of a material with a distortion point of 350°C or

higher, and more preferably 500°C or higher  As such materials, for example, there is
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emitted vapor oontribut&s- to the separation. As a composition of such first separate
layer 120, for example, substances described in following A to E are suggested.
A. amorphous silicon (a-Si)
In this amorphous silicon, hydrogen (i-D may be included. In this case, it is preferable
that the conteat of H be about 2 atomic% or highér, and more prcf;rably about 2 to 20
atomic%. In this mannct,';vhcn hydrogen (H) is included at a predetermined content,
hydrogen is emitted by light imdjation and intemnal pressure is generated in the first
separate layer 120, which becomes force to peel off the top and bottom thin films. The
content of ﬂydrogen (H) ia amorphous silicon can .bc controlled appropriately by setting
~ deposition conditions, for example, conditions such as a gas composition, a gas i)ressure,
a gas a@mphcrc, a gas flow rate, a temperature; a substrate temperature, and an
infusion power.
B. Si0O, Si0O,, and Si30, are suggested as various oxide ccramics such as sﬂioon oxide or
silicon oxide compound, titanium oxide or titanium oxide compound, zirconium oxide
or zirconium oxide compound, lanthanum oxide or lanthanum oxide compound, or the
like, a t(ansmnttmg electric (a fcrroelectnc) or semloonductor silicon oxide. As a
silicon oxide oompound, for example, K;3Si0;, Li,Si03, CaSiOs, ZiSiOs, and Na,SiO;
are suggcsted.
[0025] As titanium oxide, TiO, Tiz03, and TiO; are suggested. As a titanium oxide
compound, for example BaTiO4,  BaTiO;, Ba;TigO2, BaTigOyy, CaTiQ;, SrTiO3,
- PbTiOs;, MgTi03, Z1TiO,, SnTiO4, AL TiO;s, and FeTiO; are sugg«;stgd.
[0026] As zirconium oxide, ZrO; is suggested. As a zirconium oxide compound,. for
example, BaZrO;, ZrSiO4, PbZrO;, MgZrOs5, and K;ZrO; are suggested.

C. ceramics such as PZT, PLZT, PLLZT, and PBZT or a dielectric (a ferroelectric) D.
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ceramics nitride such as silicon nitride, aluminum nitride, and titanium nitride
E. organic high molecular material
As an organic high molecular material, a material having a bond (these bonds are cut by
light irradiation), such as -CH-, -CO- (ketone), -CONH- (amide), -NH- (imide), -COO-
(ester), -N=N- (azo), and -CH=N- (shiff), in particular any material having many of
these bonds may be used. Moreover, an ofganic high molecular material may have a
constitutive equation including aromatic hydrocarbon (one, two, or more benzene rings
or its condensed ring).
[0027] As specific examples of such an organic high molecular material, polyolefin
éuch as polycthylene - and polypropylene, polyimide, polyamide, polyester, -
polymethylmethacrylate (PMMA), polyphenylene sulfide (PPS), pol'yether sulfone
(PES), epoxy resin, and the like are suggested.
E. metal ' .
As a metal, for example, Al, Li, Ti, Mn, In, Sn, Y, La, Ce, Nd, Pr, Gd, Sm, or an alloy
ihcluding at least one kind of these are sﬁggwted. |
(0028] Moreover, a thickness of the first separate layt;,r 120 is different depending on a
purpose for pccﬁng, the conditions of the first separate layer 120 sﬁch as a composition,
a layer structure, and a forming method; however, it is normally preferable to be about 1
"nm to 20 um, and more preferably about 10 nm to 2 pm, and .fmther more preferably
about 40 nm to 1 pum. When the thickness of the first scparaté layer 120 is too small,
uniformity of film deposition is spoiled and unevenness may be generated in peeling.
Further, when the thick;ncss is too thick, po.wer of light (amount of light) is required to
be increased to secure a favorable pcciing property of the first separate layer 120, and at

the same time, it takes time to remove the first separate layer 120 later. It is to be
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aluminum.

[0033] In this embodiment mode, a SiO; film is used as a middle layer provided in
contact with the first scparate layer 120; however, other insulating films formed 6f
SizNg or the like can also be used. A thickness of the SiO; film (middle !aycrj is
appropriately determined in accordance with a purpose of its formation and a degree of
effective functions; ho(;vever, it is normally preferable to be about 10 nm to S pm and
more préfcrably about 40 nm to 1 pm. The middle layer is formed for various

purposes to have at least one of functions as, for example, a protective layer for

_physically or chemically protecting the transferred layer 140, an insulating layer, a

coﬁductive layer, a light blocking layer for laser light, a barﬁcr. layer for prcvcntihg
migration, and a reflective laycr..

[0034] It is to be noted that the middle layer in the SiO, film or the like is not formed
and the transferred layer (thin film device layer) 140_ may be formed directly over the
first separate layer 120 depending on the cases.

[0035] The transferred layer 140 (thin film device layer) is a layer inc[uciing a thin film
device such as a TFT as shown on the right side of FIG. 2.

[0036] As the thin film device, for example, there are a thin film diode, a photoelectric
converter element (a photo sensor or a solar battery), a silicon r.wistor element, other
thin film é:imiconductor devices, an electrode (for qxamplc: ITO, transparent electrode
such as a metha film), a switching element, a2 memory, an actuator such as a
piezoelectric element, a micro mirror (piezo thin film ceramics), a magnetic memory '
thin film head, a coil, an inductor, a thin film high permeable material, a micro magnetic
device formed of a combination -thcreof, a filter, a rcﬂccﬁvé film, a dichroic mirror, and

the like in addition to a TFT. The invention is not limited to the .aforementioned
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noted that the thickness of the first separate laycr 120 is preferably as uniform as
possible.
{0029} Th; forming method of the first separate layer 120 is not particularly limited and

- appropriately selected in accordance with the conditions such as a film corripoéition and
a film thlckncss For example, CVD (including MOCVD, low pressure CVD, and
ECR-CVD), vapor deposition, molecule-beam deposition (MB), sputtering, ion plating,
va?ious vapor deposition methods such as PVD, various plating mcthods such as electric
plating, dip plating (dipping), and electroless plating, a Langmuir-Blodgett (LB) method,
a deposition rﬁcthod such as spin coating, spray coating, and roll coating, various
printing methods, a transferring method, an ink-jet method, a powder jét method, and
the like are suggested. Two or more of these methods may be used in combination for
formation. Note that a liquid phase process will be described later.
{0030} For example, in the casec where a composition of the first separate layer 120 is
amorphous silicon (a-Si), CVD, in particular low pressure CVD or plasma CVD can be
used for film deposition.

-[0031] Next, as shown in EIG 2, a transferred layer (thin film device layer) 140 is
formed over the first separate; layer 120. | '
{0032] An enlarged sectional view of a K portion (a portion surrounded by a dotted
chain line in FIG. 2) of this thin film dévicc layer 140 is shown on the right side of F;IG
2. As shown in the drawing, the thin film device layer 140 is formed so as to include a
TFT (thin film transistor) formed over a SiO; film (middle layer) 142. This TFT is
pfovided with a source formed by introducing an n-type impurity to a polfsilicou layer,
a drain layer 146, a channel layer -144, a gate insulating filim 148, a gate electrode 150,

an interlayer insulating film 154, and an electrode 152 formed of, for example,
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examples and various thin film devices which are not -against the purpose of the
i;nvention can be applied.

{0037] Such a thin film device is normally formed through a relatively high process
temperature in relation with its forming method. Therefore, in this case, the substrate
100 is required to be highly rcliable and resistant to the process temperature as
described above.

[0038] Next, as sh(;wn in FIG 3, for example, a thermo fusion adhesive layer 160 is
formed as a second separate layer over the thin film device layer 140. It is to be noted
that the second separate layer can be formed of an ablation layer similarly to the first
separate layer. Further, in the case of a single transfer, this second separate layer is not
necessary.

[0039] As this thermo fusion adhesive layer 160, for example, an electron wax such as
Proof Wax (brand name) with few risk of contamination of an impurity (such as sc;dium
and potassium) to the thin film device can be suggested. |

[0040] It is to be noted that the thermo fusion adhesive layer 160 of this kind can be
formed by an application method as a liquid phase process, for cx@plc a spin. coating
mcthod; |

{0041] As the second separate layer, a Qatcr—sol»ublc adhesive can also be used. As a
water-soluble adhesive of this kind, for example, Chemiseal U-45 1D (brand name)
manufacture by Chemitech Inc., ThreeBond 3046 (brand name) manufactun",d by Three
Bond Co., 14d., and the like can be suggested.

[0042] In this manner, the second separate layer 160 does not ciist when forming the
thin film device layer 140. Therefore, there is less regulations than th;: material of the

first separate layer 120 and thus heat resistance and the like are not required.
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[0043] Moreover, as shown in FIG 3, a primary transfer body (first transfer substrate)
180 is adhered onto, for example, the adhesive layer 160 as the second separate layer.
This primary transfer body 180 is adhered after manufacturing the thin flim dcvicc' layer
140. ‘Therefore, there is no regulation on a process temperature and the like when
manufacturing the thin film device layer 140 and thus only a shape-retention property is
rcqﬁircd at a normal temperature. In this embodiment mode, a material which is
relatively inexpensive and has a shape-retention property is used, such as a glass
substrate and a synthetic resin. This primary transfer body 180 is formed of a material
harder than a secondary transfer body (second transfer suBstratc) 200 of which details
will be described later; so that the thin film device layer 140 can be easily peeled off the
original substrate 100.

{0044] Next, as ;hown in FIG 4, a back side of the substrate 100 is irradiated with light.
The first separate layer 120 is irradiated with this light after the light transmits through
the substrate 100. As a result, in-layer pecling and/or interface peeling is generated in
the first separate layer 120, which decreases or eliminates bonding force. ‘
[0045] The principle that the in-layer pecling and/or the interface peéling is generated in
the first separate layer 120 is estimated to be caused by ablation generated in a material
of the first separate layer 120 or emission of gas included in the first separate layer 120,
Aand further a phase change such as fusion and transpiration generated right after the
irradiation. |

[0046] Here, ablation is a phenomena that a fixed material (matetiﬁ of the first separate
layer 120) which absorbéd light is photochemically or thermally excited and a bond of
atoms or molecules in the surface or inside is cut and emitted, -which mainly causes a

phase change such as fusion, transpiration (vaporization), or the like of all or a portion
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of the material of the first séparate layer 120. Further, a minutely foamed state ‘is
generated by the phase change, which may decrease the bonding force.

[0047] The first separate layer 120 generates in-layer peeling, interface peeliﬁg, or both
of them depending on the composition of the first scpar;xtc layer 120 or other various
factors. As one of the factors, conditions such as a kind, a wavelength, strength, a
depth of reach, or the like of light to be irradiated is estimated.

[0048] As iight to be imadiated, any light which causes in-layer peeling and/or interface
peeling in the first separate Iayer 120 may be used, such.as, for example, an X-ray, an
ultraviolet ray, visible light, infrared ll;ght (heat ray), a laser light, a millimetric wave, a
microwave, an electron beam, and. a radioactive ray (a ray, § ray, and y ray). Among
these, a laser light is preferable in that peeling (ablation) of the first separate layer 120
can be casily caused.

{0049] As a laser device which generates this laser light, various gas lasers, solid lasers
(semiconductor lasers), and the like are suggested. It is prcfcriblc to use an excimer
laser, a Nd-YAG laser, an Ar laser, a CO; laser, a CO laser, a He-Ne laser, and thq like
and particularly pr_efgmblc to use the excimer laser. A

[0050] The excimer laser outputs high energy with a short wavelength band; therefore,
ablation can be caused in a first separation layer 2 in quﬁte a short time. Therefore, the
first separate layer 120 can be peeled 6ff withdut causing almost no temperature rise in
the adjacent transfer body 180, the substrate 100, and &e like, that is, without
generating degradation or damage.

(0051] Further, when there is a dependence on a wavelength of light in the case of
generating ablation in the first separate layer 120, it is preferable that a wavelcnéth of a

laser light to be irradiated be about 100 nm to 350 nm.
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[0052] FIG. 10 shows an cxample of a transmittance of the substrate 100 with respect to
a wavelength of light. As shown, the substrate 100 .has a characteristic that the -
transmittance rapidly increases with respect to a wavelength of 200 nm. In such a case,
the substrate is irradiatod_ with light with a wavelength of 210 nm or more, for example,
a Xe-Cl excimer laser light (wavelength 308 nm), a KrF laser light (wavelength 248
nm), or the like.

{0053] Further, in the case of giving a separating characteristic to thcAﬁrst separate layer
120 by, for example, generating a phase change such as gas emission, vaporization, or
sublimation, a wavelength of a laser light to be irradiated is preferably about 350 to
1200 nm.

[0054] Moreover, it is preferable that an energy density of a laser light to be irradiated .
be about 10 to 5000 mJ/cm?, and more preferably'about 100 to 500 mJ/cm?, in particular
when using an excimer laser. Further, irradiation time is preferably about 1 to 1000
nsec, and more preferably about 10 to 100 nsec. 'When the energy density is low or the
irradiation timc. is short, ablation or the like is not sufficiently generated. When thcv
energy denéity is high or the irradiation time is long, the irradiated light which has
transmitted through the first separate layer 120 may have a bad effect on the transferred
layer 140. |
[0055] It is to be noted that as a countermeasure for the case where the irradiated light
which has transmitted through the ﬁrst separate layer 120 reaches the transferred laycr
140 and has a bad effect on it, for cxample, thcrc isa me(hod to form a mctal film such
as tantalum (Ta) over the first separate layer (laser absorbing layer) 120. As a result,
the laser light which has transmitted through the first separate layer 120 is completely

reflected at an interface of a metal film 124, thereby giving no bad effect to a thin film
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device thereover. MtemtEQdy, an amorphous s.ilicon layer as a silicon-based laser
absorbing layer can be formed over the first separate layer 120 with a silicon-based
interposing layer such as SiO; interposed therebetween. By doing this, the light which
has tmmmit@ through the first separate layer 120 is absorbed in the amorphous silicon
layer thereover. However, the transmitted light does not have enough light energy to
generate ablation again in the amorphous silicon layer in an upper layer. Moreover,
unlike metals, a thin film device layer can be formed over the amorphous silicon layet.
Thércforc, a thin film d;avicc layer with superior quality can be formed by a thin 'ﬁlm
forming technique that has been already established.

[0056] Irradiation light represénted by a laser light is preferably beamed so that its
intensity becomes uniform. An uradlauon direction of the irradiated light is not
. limited to a diroction pctpcndicular to the first separate layer 120, and may be a
direction which is tilted at a predetermined angle.

{0057] Furthermore, in the case-where thé first separate layer 120 has a larger area than
an irradiated area that the irradiation light can do once, all the regiori of the first separate
lg_ycr 120 can be irr:;diatcd with thc_';irradiation light by dividing into a plurality of times.
M;)reovcx', the same part may be irr:;diated twice or more. In addition, the same region
or different regions may be irradiated with irradiation light (laser light) of different
kinds or different wavelengths (wave regions) twice or more.

[0058] Next, as shown in FIG. 5, this substraté 100 is separated from the first separate
layer 120 by applying force to the substrate 100. . Although not shown in FIG. 5, the
first sepamtc layer 120 is attached onto the substratc 100 after this separation in some
cases.

[0059] Next, as shown in FIG. 6, the remaining first separate layer 120 is removed by,
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for example, a method such as cleaning, etching, ashing, or polishing, or a combination
_of these methods. As a result, the t@fcrrcd layer (thin film device layer) 140 is
transferred to the primary transfer body 180.
[0060] It is to be noted that when a portion of the first separate layer 120 is attached
also to the substrate 100 that is separated, it is similarly removed.- Note that in the case
where the substrate 100 is formed of an expensive material or a rare material such as
quartz glass, and the like, the substrate 100 fs preferably reused (recycled). That is to
say, the invention can be applied to the substrate 100 mm is to be reused; therefore, the -
invention is highly beneficial. Here, this step is the last step in the case of a single
tranisfer, thus the transfer of the ﬁansfcrred layer 140 to the last transfer body 180 is
terminated.
{0061] Next, as shown in FIG 7, a sccondary transfer layer 200 is adhered to a bottom
surface (exposed surface) of the thin film device layer 140 with -an adhesive layer 190
interposed therebetween.
_[0062] As preferable examples of an adhesive which forms the adhcsivc layer 190, there
are various curable type adhesives such as a reaction curable type adhesive, a heat
curable type adhesive, a light curable type adhesive such as and an ultraviolet ray
curable type adhesive, and an anacrobic curable type resin. The adhesive may have
any composition sﬁch as an epoxy-based one, an acrylate-based one, or a silicone-based
one. Su(.:h adhesive layer 190 is formed by, for example, an application method. 1Itis
to be noted that a material of this adhcsivc layer 190 can be used for adhesion between
the mfcnw layer 140 and the last transfer layer 180 in the case of the single transfer.
{0063] In the case of using t'hc curable type adhesive, for example, a curable type

adhesive is applied over the bottom surface of the transferred layer (thin film device
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layér) 140 and then the secondary transfer body 200 is bonded before the curable type
adhesive is cured by a curing method in acpordanoc with the characteristics of the
curable type adhesive to attach and fix the fransfcrrcd layer (fhin film device l.aycr) 140
to the secondary transfer body 200.

{0064] In the casé where the adhesive is a light curable type, it is preferable that light be
beamed from outside the secondary transfer body 200 with a light transmitting property.
The light may be beamed from the primary transfer body 180 side with a light
transmitting property or both sides of the primary and secondary transfer bodies 180 and
200 with light transmitting properties if a light curable type adhesive such as an
ultraviolet ray curable type which hardly gives an effect on the thin film device layer is
us;:d as the adhesive. Note that a flat or curved transparent substrate is used as the
secondary tmqsfcr body 200

(0065] 'f‘hc secondary transfer body 200 may be inferior in characteristics such as heat
resistance and anticorrosion as compared to the substrate 100. This is because the -
transferred layer (thin film device layer) 140 is formed on the substrate 100 side and
then the transferred layer (thin film device layer). 140 is transferred to the secondary
transfer body 200 in the invention. Thus, tl.lc characteristics required for the scooﬁdary :
transfer body 200, in particular the heat resistance does not depend on temperature
oonditions-or the like in forming the transferred layer (thin film device layer) 140.
This respect is similar in the p@uy transfer body 180.

. [0066] Therefore, whc.;,n the highest temperature in forming the transferred layer 140 is
Tmax, a material having a glass transition point (Tg) or a softening point of Tmax or
lower can be used as a material for the primgry and secondary transfer bodies 180 and

200. For example, the primary and secondary transfer bodies 180 and 200 can be’
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preferably formed (;f a material with a glass transition point (Tg) or a softening point of
800°C or lower, more preferably 500°C or lower, and further preferably 320°C or lower.
[006;7] Moreover, as mechanical characteristics of the primary and secondary transfer
bodies 180 and 200, a material having a certain degree of hardness (stiffness and
strength) is preferably used; however, a material having flexibility and elasticity méy
also be used. In addition, t.hc secondary transfer body 200 which is softer or lower in
stiffness than thcr primary transfer body 180 is selected. |
{0068] A combination of the primary transfer body and the secondary transfer body is as
 follows. The primary transfer body is formed of glass (or quartz) and the secondary
transfer body is formed of plasticc.  When both are formed of a synthetic resin, a
thickness of the primary transfer body is larger than a thickness of the scoqndzry
transfer body, or a material of fhc primary transfer body is harder or higher in stiﬁCSS ‘
| than a material of the secondary transfer body. Here, “hard” means to have such
s&cngth, stiffness, thickness, quality of material, and the like that, for example, when |
the thin film device is peeled off the original subﬁtratc to transfer the thin film device to
the primary transfer body, the original substrate and the thin film (icvicc can be pecled
off without pecling the primary transfer body off the thin film device.
{0069] It is to be noted in this embodiment mode that the primary transfer body and the
second separate layer 160 are preferably both dissolved in a specific solvent when
transferring the thin film device to. the secondary transfer body.. T’haﬁ is; by making the
primary transfer body (first transfer substrate) dissolved in the solvent, the thin film
device can be surely separated from the primary transfer body in the second separate
layer. Conventionally, a water-soluble adhesive was sometimes used as a separate

layer, when the primary transfer body is eventually etched from an edge surface of the
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water-soluble adilcsivc which is in the water since the primary transfer body itself is not
water-soluble. In this case, it takes a lot of time to sufficiently peel off the pr%mary
transfer body. However, by using the transfer body itself which is dissolved in a
spe;:ific solvent similarly to the separate layer, the primary transfer body can be
separated from the thin film device not only at an edge surface of thc'scparatc layer but
also in almost all the surface. At this time, the secondary transfer' substrate 200 and
the adhesive layer 190 should not be dissolved in the specific solvent.

[0070] From the aforcm.cnﬁoned point of vicw, preferable combinations of materials of
the primary transfer body 180 and the secondary transfer Sody 200, and a specific
solvént for the séoondary transfer are as shown in the following chart 1.

[0071] Chart 1  primary transfer body, secondary transfer body, secondary transfer

_solvent
materigl of the primary | material of the secondary | solvent for the sooor;dary
| transfer body transfer body _ transfer
1 acrylic rcsiﬁ polyethylene ‘ IPA or ethyl cellulose
vinyl chloride resin fluorine resin aoctox;c
PES fluorine resin acetone

' As materials of the primary and secondary transfer bodics 180 and 200, various
synthetic resins or various glass materials with a difference in hardness between both
are suggested. In particula.r,.a normal .(with a low melting point) inexpensive glass
material is preferable. Among these materials, a combination which makes the
primary transfer body 180 harder than the secondary transfer body 200 is to be selected.

(0072] As the synthetic resin, either of a thermoplastic resin or a heat curable resin may
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be used. For example, there are poly.(;leﬁn such as polyethylene, polypro_pylenc,
cthylene-propylene copolymer, and ethylene-vinyl acetate coéolymcr (EVA), cyclic
polyolefin, degeneration polyolefin, polyvinyl chloride, polyvinylidene chloride,
polystyrene, polyamide, polyimidc, polyamide imide, polycarbonate, poly-(4-
methlpentene-1), ionomer, an acrylic-based resin, polymethylmethacrylate,
acrylic-stylene copolymcr, polyo copolymer (EVOH), polyester such as polycthylene
terephthalate (PET), polybutylene terephthalate  (PBT), and polycyclohexane
terephthalate (PCT), polyether, polyether ketone (PEK), polyether ether ketone {PEEK),
polyether imide, polyacetal (POM), polyphenylene oxide, degeneration polyphenylene
oxide, polyarylate, aromatic polyester (liquid crystal polymer), polytetrafluorocthylene,
polyvinylidene fluoride, other fluorine-based resins, various thermoplastic elastomer
such as stylene-based one, polyolefin-based one, polyvinyl chloride-based one; '
polyurcthané—bascd one, fluororubber-based éne, and chlorinated polyethylene-based '
one, an epoxy resin, a phenol resin, a urea resin, a melamine resin, uﬁsatur;ted polyester,
a silicone resin, polyurethane, and the like, or a copolymer, a blended body, a polymer
alloy, or the like mainiy formed of these. One kind or two or more kinds of these may
be used in oombinafion (for example, as a stack of two or more layers).

[0073] As a glass material, for example, silicon oxide glas§ (quartz glass), silicon oxide
| alkali glass, soda-lime glass, lead (alkali) glass, barium glass, barium oxide glass, and
the like are suggested. Among these, those beside silicon oxide glass are preferable
since -thcy havc;. lower melting pqints, are relatively easily shaped and processed, and are
cheaper than silicon oxide glass.

[0074] In the case of using-a material formed of a synthetic resin as the secondary

transfer body 200, a large secondary transfer body 200 can be monolithically shaped,
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and at thc-sa‘mc"timc, even a complicated shape such as ones having a curved surface or
a depression and a projection can be easily manufactured. Moreover, there are various
advantageous such as inexpensive material cost and manufacturing cost. Therefore, it
is advantageous 10 use a synthetic resin in manufacturing a large and inexpensive device
(for example, a liquid crystal display).
[0075] It is to be noted that the secondary transfer body 200 may be, for example, a
material which forms an independent device by itself such as a liquid crystal cell or a
material which forms a part of a device, such.as a color ﬁl_tcr, an electrode layer, a
dielectric layer, an insulating layer, and a semiconductor element.
{0076] Further, the primary and secondary transfer bodies 180 and 200. may be
Sl-lbstances such as a metal, ceramics; a stone material, wood, and paper, over an
arbitrary surface that constitutes a certain object (ovér- the surfaces of a clock, an air
conditioner, a printed board, and the like), or over the surface of a..stn‘lctural object such
as a wall, a pillar, a ceiling, and a window. |
-[0077] Next, as shown in FIG 8, by dipping a structural object provided with a primary
transfer body, ‘a transferred layer, and a secondary transfer body after transfer in a
specific solvent, the transferred layer is peeled off the pnmary transfer body at the
separate layer 160 while dissolving the primary, transfer body in the solvent. In the
cas.e where the aforementioned water-soluble adhesive is used as the seéond separate
layer 166, at least a region including. the second separate layer 160 is to be dipped in
purified water.
[0078] At last, the second separate layer 160 attached to the surface of the thin film
device layer 140 is removed, thereby the thin film device layer 140 transferred to the

secondary transfer body 200 can be obtained as shown in FIG. 9. Here, a stacked-layer
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relation of the thin ﬁlm device layer 140 with respect to this sccohdary transfer body
200 is the same as a étéckcd-layer rclatiqn of the thin film device layer 140 with respect
to the original substrate 100 as shown in FIG. 2.

{0079] Through each of the aforementioned steps, transfer of the transferred layer (thin
film device layer) 140 to the s@ndm tran'sft;r body 200 is terminated. After that, the
SiO; film adjacent to the transferred layer (thm film device layer ) 140 can be removed,
a conductive layer such as .a wire or a desired protective film can be formed over the
transferred layer 140, and the like.

| {0080} In the invention, the tmnsfcfred layer (thia film device layer) 140 as a peeled
object is not directly pecled off, but separated at the first separate layer 120 and the
second secparate layer 160 and tran's.fcrred to the secondary transfer body 200.
Therefore, it can be easily, surely, and even uniformly transferrcd regardlqss of
chamdcristics, conditions, and the like of the 'scparatcd body (the transferred layer 140),
and high reliability of the transferred layer 140 can be maintaineci without damage to
‘the Separated body (the transferred layer 140) caused by the separating operation.

{0081] Next, specific examples of the manufacturing process shown in FIGS. 2 to 9 are
dcscrib;cd with reference to FIGS. 11 to 21.

(step 1) As shown in FIG 11, a first separate layer (for example, an amo-rphous silicon
layer formed by an LPCVD method) 120 and a middle layer (for example, a SiO; film)
142, and an amorphous silicon layer (for example, it is formed by an LPCVD method)
143 are sequentially stacked over the substrate (for example, a quartz substrate) 100.
Subsequently, all surface of the amorphous silicon layer 143 is irradiated with a laser
light from above to apply annealing. As a result, the amorphous silicon layer 143 is

crystalhzcd again to form a polysilicon layer.
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(step 2) Next, as shown in HG 12, the polysilicon layer obtained by laser annealing is
pattermed to form islands 144a and 144b.

(step 3) As shown in FIG 13, all surface including the islands 144a and 144b are
covered with a gate insulating film 148.

(step 4) As shown in FIG 14, gate electrodes 150a and 150b formed of poly.silioon, a
metal, or the like are formed

(step 5) As shown in FIG. 15, a mask layer 170 is formed of polyimide or the like and
ion implantation of, for example, boron (B) is pcrformcd by self-alignment with the gate
electrode 150b and the ma,sk‘layer 170 used as masks. As a result, p*layers 172a and
172b are formed.

(step 6) As shown in FIG. 16, a mask layer 174 formed of polyimide or the like is
formed and ion implantation of, for example, phosphorus (P) is performed by
self-alignment with the gate electrode 150a and the mask layer 174 used as masks. As
a result, n*layers 146a and 146b are formed.

(step 7) As shown in FIG. _17, the interlayer insulating film 154 is formed and a contact
hole is sciocﬁvcly formed, ghcrcby clectrodes 152a to 152d are formed.

[008-2] A TFT with a CMOS structure formed in this ‘manner corresponds to the
transferred layer (thin film device layer) 140 in FIGS. 2 to 9. It is to be noted that a
protective film may be formed over thé interlayer insulating film 154.

(step 8) As shown in FIG. 18, a thermo fusion adhesive layer 160 as a second separate
layer is fdrmed over the TFT with a CMOS structure.  As this time, a step generated
in a surface layer of the TFT is planarized by the thermo fusion adhcsxvc 160. Itis to
be noted that the second separate layer can be formed of an ablation layer similarly to

the first separate layer or a water-soluble adhesive.
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[0083] Here, it is preferable to foiin a pidtéctive layer such as an insulating layer over
the TFT as a thin film device first, and provide a second separate layer over tl;c
Protcctjvc layer. In particular, in the case where the second separate layer is an
ablation layer, the thin film device layer can be protected by the protective layer in
ablation.

{0084] Further, in particular, in the case of forming the second separate layer by an
abl_ation-layer, the second separate layer itself can be formed of multiple layers similarly
- to the first separate layer. In addition, it is preferable to provide a light blocking laycé
such as a metal layer between this second separate layer and the thin film device layer.
This is because incidcnt light to the thin film device layer can be prevented in ﬁblaﬁon.
[0085] -After forming this second separate layer, the TFT is attached to the primary
transfer body (for example, a soda glass substrate) 180 with the thermo fusion adhesive
layer 160 i'ntcxposcd therebetween.

(step 9) As shown in FIG. 19, a back surface of the substrate 100 is irradiated with, for
examéle, a Xe-Cl excimer laser light. As a result, peeling can be generated in and/or
at the interface of the first separate layer 120. |

(step 10) As shown in FIG 20, the substrate 100 is peeled off.

(step 11) Morcover, the first separate layer 120 is removed by etching. As a result, as
shown in FIG 21, the TFT with a CMOS structure is tra-n-sfcrred to the primary transfer
~ body 180.

(step 12) Next, as shown in FIG. 22, for example, an €poxy rt?sin layer 190 is formed as
an adhesive layer with a lower curing point than the thermo fusion resin layer 160 over
a bottom surface of the TFT with a CMOS structure. Then, the TFT is attached to the

secondary transfer body 200 formed of a synthetic resin through the epoxy resin layer
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190. Subsequently, the epo;ry resii lidyér 190 is cured by hcatiixg so that the secondary
transfer body 200 and the TFT are attached (bonded).

(step 13) Subsequently, as shown in FIG. 23, the thermo fusion resin layer 160 is melted
by heat by using, for example, an oven 210, thereby the TFT is peeled off the primary
transfer body 180 at this thermo fusion resin layer 160 as a boundary. Further, the
thermo fusion resin layer 160 remaining at the bottom surface of the TFT is removed b Y,
for example, xylene or the like. As a result, as shown in FIG 24, the TFT is
transferred to the secondary transfer body 200 This state of FIG. 24 is the same as the
subé&ate 100 and the first separate layer 120 shown in FIG. 17 changed to the secondary
.transfer body 200 and the adhesive laycf 190. Therefore, a stacked-layer relation of
the substrate 100 used in the manufacturing steps of the TFT is secured over the
sccondary transfer body 200. Thus, the electrodes 152a to. 152d are exposed and a
contact or wiring thereto can be easily obtained. It is to be noted that a protective layer
can be formed as its surface layer after the state of FIG 24 is formed. |
[0086]"FIG. 25 1s a diagram showing Embodiment Mode 2 of a transferring method of a
. thin film device according to the invention, which corresponds t_Q_'the step 8 (FIG. 8) of a
first cmbodimc;nt mode. |

{0087] In FIG. 25, with the second separate layer 160, the thin film device layer 140, the
adhesive layer 190, and the secondary transfer body 200 formed over the primary
transfer body 180, the primary transfer body 180 is dissolved and removed by a solvent.
Combinatidns of the materials of the primary transfer body 180 and the secondary
transfer body 200, and a solvent for the second transfer are as shox;vn in the
aforementioned chart. — It is to e noted that the second separate layer 160 can be omitted

in the case of removing the primary transfer body 180.
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[0088] It becomes difficult to peel &ff the pridiary transfer body in Embodiment Mode 1
y wheq the primary transfer body has a large area; however, there is no such problem in
" removing by fusing as in Embodiment Mode 2.

{0089}

[Embodimént] Next, specific embodiment modes of this invention are described.
(Embodiment 1) A quartz substrate with 50 mm long x 50 mm wide x 1.1 mm thick (a
softening point : 1630°C, a distorting point : 1070°C, and transmittance of excimer
laser: almost 100%) is prepared and an amorphous silicon (a-Si) film was fofmcd as a
first separate layer (laser light absorbing layer) by a low pressure CVD method (SiHs
gas, 425°C) over one surface of tlus quartz substrate. A thickness of the first separate
layer was 100 nm.

[0090] Next, a SiO, film is formed asa middle layer over the first separate layer. This
SiO; film was formed i)y a liquid phase process. That is, polysilazane (Bmd namec)
manufactured by Tonen Corporation was mixed in xylene and applied over the substrate
by spinning. This applied film was processed by heat in an atmosphere including
vapor to transform it to a Sibz film. A thickm.:ss"’-of this middle layer was 200 nm.
[0091] Next, an amorphous silicon film with a thickness of 50 nm was formed by a low
pressure CVD.' mcthpd (SiaHg gas, 425°C) as a transferred laycr over the middle layer.
This amorphous silicon film was irradiat-ed with a laser light (a wavelength of 308 nm)
and crystallized to form a polysilicon film. After that, predetermined patterning was
applied to this polysilicon film to form regions functioning as a source, a drain, and a
channel of a thin film transistor. Then, a gate insulating ﬁlm SiO; formed of the
- aforementioned poljsilazz;nc was formed by using a liquid phase process similar to the

middle layer SiO,. Thereafter, a gate electrode is formed over the gate insulating film

31737



4 6 jj j ' LU -
A . English Transl_ation of JP2001-189460

about 1/10 similarly. As a result; each point of the first separate layer is irradiated at

least 10 times. This lascr. irradiation is performed by moving the irradiation area with
| respé:ct to the all surface of the quartz substrate.

{0094] After this, the quartz substrate and the primary transfer body were peeled off at
the first separate layer and the thin film transistor and the middle layer formcd aver the
- quartz substrate were primarily transferred to the primary transfer.body.

© [0095] After that, the first separate layer attached to the surface of the middle layer ‘;vas
- removed by etching, cleaning, or a combinaﬁon thereof. Further, similar treatment
was performed to the quartz substrate to be reused.
[0096] Moreover, an ultraviolet ray curable adhesive was applied (a thickmess: 100 um)
to a lower surface of the exposed middle layer and a large transparent fluoride resin
substrate with 200 mm long x 300 mm wide x 1.1 mm thick was bonded as a sccondary
transfer body to the applied ﬁlﬁ. Then, the adhesive was cured by irrac_iiation of an
ultraviolet fay; thercby these were adhered to- be fixed. .
{0097} Thén, it was dipped in acetone to remove the primary transfer body. As a result,
the thin film transistor and the middle layer }w.ac secondarily transferred to the fluoride
resin substrate side as the secondary transfer body: | It is to be noted that there was a
difference in thickness between the both so that the hardness of the pﬁmarf transfer
body becomes higher than the hardness of the secondary transfer body. |
[0098] .Hcrc, if the primary transfer body is a substrate larger than the qt;artz substrate,
more thin film transistors than the nuﬁber of the thin film @istom that caﬁ be formed
over the quartz substrate can be formed over the primary transfer body by repeatedly
performing primary transfer from the quartz substrate as in this embodiment to regions

which are different in plane. Moreover, by repeatedly stacking layers over the primary
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by a liquid phase process. In ordér t6 do thiis; application liquid formed ;af an Adeka
ITO application film/ITO-103L (brand name) manufactured by Asahi Denka Co., Ltd. in
a liquid state was spin-coated and processed by heat in the aforementioned first and
second heat proccssin; portions 603A and 603B to form an application ITO film.
After that, a metal plating layer was formed over the application Ito film. Then, the
 application ITO film and the metal plafing layer were patterned to form a gate electrode.
By performing ion implantation with this gate electrode as a mask, a source-drain
rcgioﬂ was formed by self-alignment to form a thin film transistor. After that, an |
electrode and a wire connected to the sour;:c—drain region and a wire conncctcd to the
gate electrode were formed as required. These electrodes and wires were formed of
the same material by a liquid phase process similarly to thc_t gate electrode.

{0092] Next, an acetone solving adhdsivc was gppﬁcd over the thin film transistor and a
large iransparcnt vinyl chloride resin substrate with 200 mm iong x 300- mm wide x 1.1
mm tlp'ck was bonded as a primary transfer body.

{0093] Subsequeantly, the quértz.substmtc side was irradiated with 'Xe-Cl excimer laser’
(a wavelength of 308:nm) and peeling was caused in the first separate layer (in-layer
pgcling and intérfaoe peeling). An energy density of the irradiated Xe-Cl excimer laser-
was 250 mJ/cm” and irradiation time was 20 nsec. It is to be noted that the irradiation
of the excimer laser includes spot beam irradiatiox; and line beam irrz;diation. In the
case of the spot beam irradiation, a predetermined unit area (for cxampic, 8mm x 8mm)
is spot-irradiated. By mo"/ing this spot irradiation by about 1/10 of lht; unit area, the
irradiation is performed. In addition, in the case of line beam irradiation, a
predetermined unit area (for'example, 378 mm x 0.1 mm or 378 mm x 0.3 mm (these

arc areas where 90% or more of the encrgy is obtained)) is imradiated by moving by
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transfer body, more thin film transistors can be formed as well. Altemnatively, a
substrate to be the secondary transfer body may be a substrate larger than the primary
transfer body and the quartz substrate and the secondary transfer may be repeatedly
performed, thereby. more thin film transistors than the number of thin film transistors
that can be formed over the quartz substrate can be formed.

{0099]

[Effect of the Invention] As described above, by the invention, in a transferring and
manufacturing method of a thin film device utilizing # double transfer technique, a
transfer and separate technique of a thin fitm &evice can be provided, in which the
transferred layer can be peeled off or separated from the first transfc;,r substrate with a
priority to the second transfer substrate.

[0100]) Further, by the invention, m the double transfer. technique, a transfer and
- Separate technique of a thin film device can be provided, in which the transfer body can
be sufficiently pecled off the transferred layer.

[Brief Description of the Drawings]

[FIG 1] A cross scctiogal diagram showing a first step .of Embodiment Mode 1 of a
transferring method of a thin film device of the invention.

[FIG. 2] A cross sectional diagram showing a second step of Embodiment Mode 1 of a
transferring method of a thin film device of the invention.

[FIG. 3] A cross sectional diagram showing a third step of Embodiment Mode 1 of a
transferring method of a thin film device of the invention.

[FIG 4] A cross sectional diagram showing a fourth step ofA Embodiment Mode 1 of a
transferring method of a thin film device of the invention.

[FIG. 5] A cross sectional diagram showing a fifth step of Embodiment Mode 1 of a
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transferring method of a thin film device of the invention.
[FIG 6] A cross sectional diagram showing a sixth step of Embodiment Mode 1 of a
transfqrring method of a thin film device of the invention.

(FIG. 7] A cross sectional diagram showing a seventh step of Embodiment Mode 1 of a

transferring method of a thin film device of the invention.

[FIG. 8] A cross sectional diagram showing an cighth step of Embodiment Mode 1 of a

transferring method of a thin film device of the invention.

[FIG 9] A cross sectional diagram showing a ninth step of Embo&imcnt Mode 1 of a

transferring method of a thin film device of the invention. |

{FIG 10] A diagram showing a change in transmittance of ﬁc first substrate (the

substrate 100 in FIG 1) with respect to a wavclength of a laser light.

[FIG 11] A cross seqtionﬂ diagram showing a first step for forming the thin film device

in FIG 1. |

[FIG 12] A cross scctionﬁ diagram showing a second step in Embodiment Mode 2 for

forming the thin film device in FIG. 2.

[HG 13] A cross sectional dxagram showing a third step for forming the thin film device

in FIG. 2.

[FIG. 14] A cross sectional diagram showing a fourth step for forming the thin film
device in FIG. 2. |

[FIG 15] A cross sectional diagram showiﬁg a fifth step for forming the thin film device

in FIG. 2. | |

[FIG. 16] A cross écctional diagram showing a sixth step for forming the thm film

device in FIG 2.

(FIG 17] A cross sectional diagram showing a seventh step for forming the thin film
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device in FIG' 2.
[FIG 18] A cross sectional diagram showmg an eighth step for dcscribmg the step in
FIG3bya spcaﬂc Structure.
[FIG 19] A cross sectional diagram showix-xg a ninth step for describing the step in FIG.

" 4 by a specific structure.

- [FIG. 20} A cross sectional diagram showing a tenth step for describing the step in FIG
5 by a specific structure. |
[FIG 21] A cross sectional diagram showing an eleventh step for describing the step in
FIG. 6 by a specific structure. |
[FIG. 22] A cross -scctional diagram sho;ving a twelfth step for describing the step in FIG.
7 by a specific struéturc.
(FIG. 23] A cross sectional diagraxﬁ showing a thirteenth step for describing tbe step in
FIG. 8 by a specific structure.
[FIG. 24] A cross sectional diagram showing a fourteenth step for describing the step in
FIG 9 by a specific structure.
[qu‘; 25] A cross sectional dlagram showing ‘a state of secondary transfer
(corresponding to the step 8 (FIG. 8) in Embodiment Mode 1) in a transferring method
of a thin film device according to Embodiment Mode 2 of the invention.
[Description of Reference Nuﬁxerals] |
100, 3000 substrate
120, 3100 first separate layer
140, 1000 to 1700 transferred layer (thin film device layer)
160, 1800 second separate layer

180, 1900 primary transfer layer
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190, 2000 adhesive layer

‘ 200, 2100 secondary transfer layer
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